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Available online 16 March 2016Introduction:Guinea pigs (GPs) are a valuable cardiovascular pharmacologymodel. Implantation of a radio-telemetry
system into GPs is, however, challenging and has been associated with a high failure rate in the past. We provide in-
formation on a novel procedure for implanting telemetry devices intoGPs andwehavemeasured the hemodynamics
(arterial blood pressure, BP and heart rate, HR) and core body temperature (BT) in the 24 h after surgery.
Methods: Male Hartley GPs (Crl:HA, 350-400 g, 6.5 weeks, n = 16) were implanted with a radio transmitter
abdominally and were then monitored continuously (HR, BP and BT) for 24 h after surgery.
Results: 13 of 16GPs (81%) survived the surgery. Surgery durationwas 94min (min) (range: 76–112min) and anaes-
thesia durationwas 131min (range: 107–158min). GPs lost bodyweight until 2 days after surgery and then regained
weight. Mean arterial BP increased from 33.7 mm Hg directly after surgery to 59.1 mm Hg after 24 h. HR increased
from 206 bpm directly after surgery to 286 bpm at 8 h and fell to 251 bpm at 24 h after implantation. BT was 36 °C
directly after surgery, fell to 35.4 °C until regaining of the righting reﬂex and then stabilized at 38.5 °C after 24 h.
Discussion: A high survival rate in telemetered GPs is possible. We achieved this through a procedure with minimal
stress throughhabituation andplanning, continuouswarmingduring anaesthesia, an optimal anaesthetic and analge-
sic management, efﬁcient surgical techniques and vitamin C supplementation.
© 2016 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).Keywords:
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The guinea pig (GP) is a valuable small animal model for study-
ing cardiovascular pharmacology, particularly when evaluating
electrocardiogram-derived (ECG) parameters. GPs express themyocar-
dial human-Ether-a-go-go Related Gene channel which rats do not. Its
dysfunction or pharmacological blockade can cause the potentially
fatal “long QT syndrome”. Therefore, drug candidates can be tested for
their effect on QTprolongation in the GP (Katagi et al., 2015). Also, com-
pared to larger animal models, GP have a low body weight (BW) and
hence need less test substance and have lower costs for their purchase
and housing (Hess, Rey, Wanner, Steiner, & Clozel, 2007).im.com (S. Schmitz),
c.za (B. Guth).
. This is an open access article underThe direct, intravascular measurement of aortic blood pressure
and the ECG using radio-telemetry has established itself as the model-
of-choice for testing drug candidates for possible cardiovascular effects.
It allows the acquisition of data from conscious, unrestrained animals,
with little human inﬂuence and over long periods of time (Kurtz,
Grifﬁn, Bidani, Davisson, & Hall, 2005). Core body temperature (BT),
locomotor activity and biopotentials (EEG, electromyogram; (Leon,
Walker, DuBose, & Stephenson, 2004) can likewise be measured. How-
ever, abdominal radio transmitter implantation into GPs has proved to
be very challenging and has been associated with high failure rates.
Guinea pigs are one of the most difﬁcult rodents to anaesthetize
safely (Schwenke & Cragg, 2004), with a limited choice of acceptable
anaesthetics and the need for a well prepared surgery. The high
surface to body volume ratio of the GP, combined with the inadequate
thermoregulatory control mechanisms and the thermoregulatory
depression of anaesthetics, causes a rapid BT loss during anaesthesia
(Buchanan, Burge, & Ruble, 1998). Open abdominal surgery leads to
a particularly fast temperature loss, making external body warmingthe CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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can vary widely as the intestinal ﬁlling accounts for up to 20–40%
of the total BW, resulting in dosing inaccuracies of any injectable
anaesthetic agent (Henke, 1998). The GP low resting mean arterial BP
of 63 mm Hg (DePasquale, Ringer, Winslow, Buchholz, & Fossa,
1994)(DePasquale et al., 1994), the anatomically deeply embedded
and fragile abdominal aorta (Provan, Stanton, Sutton, Rankin-Burkart,
& Laycock, 2005) and the large caecum (Popesko, Rajtová, & Horák,
1992) additionally impede BP catheter placement into the abdominal
aorta. Thus, multiple factors have contributed to the low success rate
of this method in the GP.
During the implantation, thementioned complications (multifactorial
temperature loss, relatively risky anaesthesia, low arterial BP and fragile
vascular structure) likely lead to changes in HR, BT and BP. So far, there
is no data on the surgery's impact on the hemodynamic values in the
ﬁrst 24 h after radio transmitter implantation in GPs.
We provide a detailed description of a successful implantation
approach into GPs, including anaesthesia, analgesia and surgical
technique. We further report for the ﬁrst time, data for BP, HR and BT
during the critical ﬁrst 24 h after abdominal surgery.
The following information can be utilized in any other abdominal
surgery in the GP, both in experimental models and in curative
approaches.
2. Methods
All experiments and procedures were performed in accordancewith
the German Animal Welfare Act (Art. 3 G v. 28.07.2014 I 1308) and the
regional council for animal welfare.
2.1. Housing and acclimatization
Sixteen male Hartley GPs (Charles River Laboratories, Sulzfeld,
Germany) (Crl:HA, delivery weight 350–400 g, average age of
6.5 weeks) were housed for 19 days prior to the radio-telemetry
device implantation in groups of 2–3 in cages (EHRET TERULAN
THF 1776) containing wooden bedding material (Lignocel FS14,
Rettenmaier & Söhne, Rosenberg, Germany) and 2 red transparent
plastic shelters.
Cage bedding changes were performed twice weekly. The GPs
received 20 g/animal of pelleted, commercially available diet
(3410 complete feed, KLIBA NAFAG, Provimi Kliba Sa., Kaiseraugst,Table 1
Medication and vitamin supplement used for abdominal radio transmitter implantation and fo
Purpose Product name
Anaesthesia-agonists MMF =Medetomidine1 0.2 mg/kg + Midazolam2 1
Fentanyl3 0.025 mg/kg intramuscularly (i.m.) in mix
Anaesthesia-antagonists AFN= Atipamezole4 1.0 mg/kg + Flumazenil5 0.1 mg/
0.03 mg/kg i.m. in mixed syringe
Local anaesthetic Lidocaine hydrochloride 0.9 mL/animal, subcutaneou
Antibiotic Enroﬂoxacin 10 mg/kg, oral (p.o.)
Analgesia/anti-inﬂammation Meloxicam 0.4 mg/kg, s.c./p.o.
Metamizole 80 mg/kg i.m. p.o.
Supplement Pure L-ascorbic acid 20 mg/day solved in sodium chloriSwitzerland) and a large amount of autoclaved hay daily. Tap water
was available ad libitum. The animal room was maintained at 20 ±
2 °C and 55 ± 10% relative humidity with an air change of at least
15 cycles/h. The light–dark cycle was 12:12, starting (5:30) and
ending (17:30) with a dimmer phase of 30 min. For background
acoustic habituation, radio music was simultaneously switched on
and off with the lights. BW and the general condition of each
animal were monitored daily. Beginning two weeks before the im-
plantation, the animals were handled and acclimatized daily to
being held, single housed for two hours in Makrolon® Type III
cages with identical enrichment to their home cages and to being
placed into the radio-telemetry data acquisition room. The GPs re-
ceived 20 mg of Vitamin C in an aqueous solution orally for 7 days
prior to and for 14 days after the implantation.
All habituation handling, medication, surgery and post-operative
care was done by the same veterinarian.
2.2. Implantation of the radio transmitter system
Before the surgery, all electrical devices were checked for faultless
function. On the morning of the surgery, the room and materials were
arranged before the arrival of the animal.
The GP was removed from its home cage, weighed, examined clini-
cally (checked for aberrant posture, behaviour, eyes, nose, fur), given
the ﬁrst oral dose of antibiotic dissolved in drinkingwater (enroﬂoxacin
10 mg/kg; for detailed medication and supplement list see Table 1) and
singly placed into a Makrolone® III cage, containing cellulose bedding,
1 red shelter, pelleted food, autoclaved hay and a water bottle. The
animal was then transported to the surgical preparation area.
After an average of 45min after enroﬂoxacinmedication, the GPwas
injected intramuscularly (i.m.;m. semimembranosus/m. semitendinosus/m.
biceps femoris) with MMF (Henke, 2010; medetomidine 0.2 mg/kg, mid-
azolam 1.0 mg/kg, fentanyl 0.025 mg/kg, see Table 1) and was returned
to the cage until the righting reﬂex (RR, the animal rights itself when
placed on its back) had disappeared. An additional one third of the initial
MMF dose was given during the surgery to maintain surgical tolerance,
which was assessed by evaluation of a mildly positive reaction to foot
withdrawal (withdrawal of hind leg to a ﬁngernail pinch on 1 toe with
extended hind leg) and inguinal reﬂex (the hind leg is kicked as a
response to a pinch in the inguinal region with a curved clamp up to
the ﬁrst catch). For surgical preparation the GP was then placed in dorsal
recumbency on a heating mat, the abdominal and neck area was shavedr pre- and post-surgical treatment in guinea pigs.
Brand name/manufacturer
.0 mg/kg +
ed syringe
1DOMITOR®, 1 mg/mL, Orion Corporation, Espoo, Finland
2Dormicum® 5 mg/mL, Roche Pharma AG,
Grenzach-Wyhlen, Germany
3Fentanyl®-Janssen 0.1 mg/2 mL, JANSSEN-CILAG, Neuss,
Germany
kg + Naloxone6 4ANTISEDAN® 5 mg/mL, Orion Corporation, Espoo, Finland
5Flumazenil HEXAL® 0.1 mg/mL, HEXAL AG, Holzkirchen,
Germany
6Naloxon Inresa 0.4 mg/mL, Inresa Arzneimittel, Freiburg,
Germany
s (s.c.) Xylocain® 1%, AstraZeneca, Wedel, Germany
Enrotron® 100 mg/mL oral solution for drinking water
dilution, aniMedica, Senden-Bösensell, Germany
Metacam® 2 mg/mL, Boehringer Ingelheim Vetmedica,
Ingelheim/Rhein, Germany
Metacam® oral suspension 1.5 mg/mL, Boehringer
Ingelheim Vetmedica, Ingelheim/Rhein, Germany
Novalgin® 1 g/2 mL, Sanoﬁ-Aventis Deutschland,
Frankfurt am Main, Germany
Metamizol HEXAL® oral drops, 500 mg/mL, HEXAL AG,
Holzkirchen, Germany
de solution, p.o. Vitamin C Pulver, dm-Drogerie Markt, Karlsruhe, Germany
Picture 2. Aseptically prepared male guinea pig in the self-designed, adjustable water
heating tub (Pic. 3) at the beginning of radio transmitter implantation.
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injected with meloxicam 0.4 mg/kg subcutaneously (s.c.) and with
metamizole 80 mg/kg i.m. and eye lubricant was applied. Lidocaine
hydrochloride (0.9 mL s.c.) was inﬁltrated for local anaesthesia along
the linea alba and the neck incision site.
The incision sites were disinfected with Propanol (Kodan®-spray)
and iodine solution (Betaisodona®). The animal was moved to the
surgical area and placed onto a surgical drape over a specially designed
heating tub, warmed with adjustable water temperature circulation
(Pictures 2 and 3). The animal's nose was inserted into a nose cone
with 0.7 L/min oxygen ﬂow.
After the surgeon's hand disinfection and gowning, the animal's
head and feet were covered with surgical drapes and the incision sites
with an adhesive surgical incision drape. All sterile supplies (see
“other sterile equipment” Table 2) and instruments (Picture 1.) werePicture 3. Self-designed, adjustable water heating tub for heat supply in guinea pigs
during surgery. Aluminium surface and a notch for the nose cone.prearranged on the table and a 23G needle was bent to an 80° angle
as an aorta abdominalis insertion tool.
The foot withdrawal and inguinal reﬂex were re-evaluated and the
mid-line was then incised in the linea alba from below the sternum to
the umbilical region with the scalpel. The muscle layer was lifted and
cut with the scissors. Two Backhaus towel forceps were inserted to
spread the muscle and skin layer.
The intestine was carefully moved cranially and held in position
using an unfolded, warm, moistened (sodium chloride solution) gauze
and a spring-loaded retractor. The aorta abdominalis was exposed
(from distal to the renal arteries to the aortic bifurcation) and dissected
free of surrounding tissue with gentle strokes of dry cotton tips and the
dissecting forceps. The two micro clamps, clean swabs applicators,
dissecting forceps and vessel cannulation forceps were prearranged on
the table to save preparation time while the aorta was clamped. One
micro clamp was positioned distal to the Aa. renales and one cranial to
the arteria mesenterica caudalis (Popesko et al., 1992) to stop blood
ﬂow. When the surrounding tissue was dried with cotton tips, the
aorta was punctured between the micro clamps with the 80° angled
needle. The angled needle was slightly lifted and the catheter tip was
advanced underneath the needle and into the vessel cranially for
approximately 1 cm and secured in place with a drop of uncoloured tis-
sue glue. A square 0.25 cm2 cellulose patch with a slit to the mid-point
was placed roof-like over the catheter insertion site for additional
support and protection.
The micro clamps were carefully removed but immediately
repositioned in case of bleeding. Otherwise, the correct catheter
placement was conﬁrmed by an acoustic pulsatile signal from the
radio receiver. Next, the gauze was removed and the intestine
repositioned, before the telemetry device body was sutured to the
caudal inner right abdominal cavity wall with a non-absorbable
needle-thread-combination using single knots.
Both ECG cables were passed through the caudoventral abdominal
muscle wall (red to the left, white to the right) with the 14 G needle
and the abdominal cavitywas closed using the non-coloured absorbable
needle-thread-combination Vicryl™ 3–0 and a Reverdin suture on the
muscle layer. Themuscle layer was dabbedwith diluted iodine solution.
Three subcutaneous pouches were made lateral to the skin— caudal
left and right and cranial left. The bent tunnel tube was advanced
s.c. parallel to the skin incision on the left up to the sternum. The red
cable was inserted into the bent tunnel tube and the tube was pulled
in the cranial direction. The tunnelled cable was adjusted to the body
length with additional movement range. The wire end was looped and
tied with the MERSILENE™ thread. The 14 G needle was lead through
the m. pectoralis, the tied wire loop was inserted into the needle
lumen. The needle was removed positioning the wire loop i.m. and it
was tied to the muscle with a single knot. Exposed cable parts were
rolled up and tucked in the left subcutaneous skin pouches.
The neck skin was incised with one scissor cut and the tissue was
dissected until the trachea was visible under the m. trachealis. The
white cable was tunnelled s.c. using the same method with the bent
tunnel tube to the neck incision site where it was shortened, similarly
looped and sutured to them. trachalis.
The neck skin was closed with 3 single knots of the non-coloured
Vicryl ™ 3–0 and the abdominal incision with the same thread but
using an intracutaneous suture technique.
At the end of the surgery up to 20mL/kg warmed sodium chloride
solution were distributed s.c. in multiple injection sites and the
drapes and nose cone were removed. The wounds were cleaned
and sprayed with wound regeneration aiding product (Wund-
Pﬂege-Spray, Dr. Schaette, Bad Waldsee, Germany) and the GP was
individually numbered using an ear tattoo.
The implanted GP was then placed into a Makrolone® type III single
cage, equipped identically to the home cage, whichwas positioned onto
a water warming mat over 2 combined radio-telemetry receiver plates
in the nearby telemetry measuring room.
Table 2
Surgical, sterile and non-sterile equipment list for radio transmitter implantation in guinea pigs.
Surgical preparation equipment:
1× hand-held vacuum cleaner 1× Electrical hair clipper, Isis, Aesculap®,Suhl, Germany
1× Eye Lubricant, VitA-Pos®, URSAPHARM, Saarbrücken, Germany 15+ sterile gauze swabs, 7.5 × 7.5 cm, type 17, 12-ply
1× Alcoholic disinfection spray, (2-Propanol, 1-Propanol, Biphenyl-2-ol) Kodan® Tinktur forte farblos antiseptic, Schülke & Mayr, Norderstedt, Germany
Iodine Solution, Betaisodona®-solution, Mundipharma GmbH, Limburg (Lahn), Germany
1 surgical instrument sterilization container with:
1× needle holder 1× dissecting forceps medium point, curved
1× Mayo scissors 1× vessel cannulation forceps for 0.5-1 mm catheter diameter
1× gillies tissue forceps, 1 × 2 teeth 1× curved mosquito clamp
2× Backhaus towel forceps 1× autoclavable magnet
3× micro clamp HD-S, S&T HD-S, Fine Science Tools GmbH, Heidelberg, Germany 1× tunnel tube, self-built, 20 cm length, 3 mm diameter, 10° angle
1× spring-loaded retractor, maximal spread 4 cm, Fine Science Tools GmbH, Heidelberg, Germany
1 Swab sterilization container with:
5+ gauze swabs, 7.5 × 7.5 cm, type 17, 12-ply 30+ small one-sided cotton tips 15 cm
1 × 0.25cm2 large cellulose patch, Small Animal,
DSI, St. Paul, MN, USA
10+ twisted gauze sponges, plum size
Other sterile equipment:
1× radio-telemetry transmitter, PhysioTel® HD-S11, DSI, St. Paul, MN, USA, weight 8 g, 2 biopotential cables (red and white) 30 cm length, 1 BP ﬂuid-ﬁlled tip catheter 8 cm length.
1× non-coloured absorbable needle-thread-combination (skin), Vicryl™, 3–0, FS-2, Ethicon®, Johnson-Johnson AG, Spreitenbach, Switzerland
1× non-coloured absorbable (muscle), Vicryl™, 3–0, SH-1 plus, Ethicon®, Johnson-Johnson AG, Spreitenbach, Switzerland
1× non-absorbable needle-thread-combination, MERSILENE *, 3–0, SH Plus, Ethicon®, Johnson-Johnson AG, Spreitenbach, Switzerland
1× surgical incision drape 30 × 20 cm, Raucodrape®, Lohmann & Rauscher International, Rengsdorf, Germany
1 × 100 mL 0.9% NaCl (sodium chloride) bottle, AlleMan Pharma, Rimbach, Germany
1× Histoacryl ® uncoloured tissue glue, B.Braun Surgical, Rubi, Spain
1 × 20 mL syringe 1 × 5 mL syringe 1× surgical disposable scalpel 23 blade
3 × 23 G needle 1 × 14 G needle
4× surgical drapes 1× glass bowl (with 5 mL iodine solution +20mLNaCl)
Non-sterile equipment:
1× radio receiver 1× heating mat
1× water bath warmed heating tub, self-designed with guinea pig shaped depression (Picture 2)
1 × 55 °C warm water bath for NaCl solution bottle
iodine solution, Betaisodona®-solution, Mundipharma GmbH, Limburg (Lahn), Germany
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the animals' anaesthesia was antagonized with AFN (atipamezole
1.0mg/kg,ﬂumazenil 0.1mg/kg, naloxone 0.03mg/kg in amixed syringe)
s.c. in the axillary region. The warming mat was kept on until thePicture 1. sterile surgical tools for abdominal radio transmitter implantation in guinea
pigs. For detailed description see Table 2.animals' BT was at least 38 °C. Systolic arterial pressure (SAP), diastolic
arterial pressure (DAP), mean arterial blood pressure (MAP), HR and BT
were continuously monitored for 24 h after antagonization.
The anaesthesia duration (from the ﬁrst injection of MMF until AFN
antagonization) and surgery duration (from the ﬁrst incision until the
abdominal skin wound was closed) were noted.
HR values were derived from the ECG.
2.3. Postoperative monitoring
Twenty-four hours of analgesia were covered with the pre-surgical
meloxicam injection and with oral applications of metamizole 80 mg/kg
(Metamizol HEXAL® oral drops) given every 4–6 h. Meloxicam
(0.4 mg/kg) and enroﬂoxacin (10 mg/kg) were continued orally for
2 more days at 24 h intervals. All oral medication was dissolved in
drinking water and applied using sterile 1 mL syringes.
The animal's conditionwasmonitored at least twice daily for at least
7 consecutive days post-surgery with special focus on BW, temperature
(ﬁrstly BT then rectal in the home cage), posture and fur appearance,
food intake, defecation, wound healing and hind leg movement. The
GPs were weighed daily from their arrival to 14 days after transmitter
implantation. The wound healing progress was assessed and it was
noted when the abdominal wound was free of scabs.
3. Results
Sixteen GPs underwent surgery and 15 successfully survived the
implantation. One GP had to be euthanized intra-operatively due to
excessive bleeding when the aorta abdominalis was punctured.
Two of the surviving 15 GPs had to be euthanized post-operatively,
one at 2 days and one at 6 days after surgery. Thus, overall, 13 of 16 an-
imals (81% survival rate) survived the surgery. Twelve of the 13 GPs
Table 3
Division of the 24 h after radio-telemetry transmitter implantation in guinea pigs.
AFN = anaesthesia antagonist, atipamezole, ﬂumazenil, naloxone. Righting reﬂex = the
animal can right itself when placed on its back.
Phase Deﬁnition Time frame (0–24 h)
I Begin of data acquisition — AFN s.c. 0 min–5 min
II AFN s.c. — regained righting reﬂex 5 min–mean 10 min (Min 7–Max 14)
III Regained righting reﬂex — 480 min Individual (mean 10 min)–8 h
IV 481 min–960 min 8:01 h–16 h
V 961 min–1440 min 16:01 h–24 h
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after implantation (see Table 4). The one GP was excluded due to stag-
nation of weight gain and overall clinical condition.
In 4 of 13 animals the technique for data acquisition directly after
implantation malfunctioned and resulted in an n = 9 in phase I and II
(see Table 4).
In the 15 completed surgeries, the anaesthesia lasted an average of
131 min, minimally 107 and maximally 158 min. The surgery duration
was on average 94 min with a minimum of 76 and a maximum of
112 min. The total data acquisition time of 1440 min was divided into
phase intervals I to V (see Table 3).
The values for SAP, MAP and DAP rise in phases I and II and stay
comparatively stable from phase III until the end of the measurement
after 24 h (see Table 4 and Fig. 1). The blood pressure values at
10 weeks are equivalent to those at 24 h (Table 4).
Values are averaged over the deﬁned phase interval (Table 3).
AFN = atipamezole, ﬂumazenil, naloxone; SAP = systolic arterial
pressure; MAP = mean arterial pressure; DAP = diastolic arterial
pressure.Table 4
Blood pressure values (SAP,MAP, DAP), heart rate (HR) and corebody temperature (BT) in
male Hartley guinea pigs during recovery phases I–V and at 10 weeks after implantation.
Data was acquired continuously over 24 h using the radio telemetric measurements after
the abdominal transmitter implantation had ended. Values are averaged over the deﬁned
phase intervals (see Table 3). Data at 10 weeks are averaged over 15 min. SD = standard
deviation.
Parameter Phase n Mean SD
Systolic arterial pressure (SAP) I 9 39 7
[mm Hg] II 9 45 8
III 13 69 5
IV 13 66 3
V 13 70 5
at 10 weeks 12 70 5
Diastolic arterial pressure (DAP) I 9 29 5
[mm Hg] II 9 32 6
III 13 46 4
IV 13 45 2
V 13 48 4
at 10 weeks 12 51 4
Mean arterial pressure (MAP) I 9 34 6
[mm Hg] II 9 38 7
III 13 58 4
IV 13 56 3
V 13 59 4
at 10 weeks 12 60 4
Heart rate (HR) I 9 206 16
[bpm] II 9 247 31
III 13 269 25
IV 13 287 24
V 13 252 18
at 10 weeks 12 218 17
Core body temperature (BT) I 9 36 1.2
[°C] II 9 35.4 1.2
III 13 37.4 1
IV 13 38.7 0.4
V 13 38.5 0.4
at 10 weeks 12 38.8 0.2HR rose from a mean of 206 bpm in phase I to 246 bpm in phase II
and further to 269 bpm in phase III. It reached its maximum during
phase IV (hours 8 to 16) with 286 bpm and then decreased to
251 bpm in phase V (see Fig. 2). The HR at 10 weeks is lower and the
BT is slightly higher than in phase V (Table 4).
The GPs gained on average 32.6 g BW from their arrival day up to
day −15 (+9.4%), 24.2 g from day −14 to −8 (+6.1%) and 19.5 g
from day −7 to the day before the surgery (+4.7%). From the day 0
until 2 they lost on average 53.6 g (−11.9%). They started regaining
weight from day 3 until 7 with 33.8 g (+8.3%) and 41.1 g (+9.3%)
from day 8 to 14. BW continued to increase steadily after 14 days
post-surgery (Fig. 3).
The GP abdominal woundswere free of scabs by 8 days after surgery
(min.7, max. 10, n = 14).
No incisionwounds had to be re-sutured. Visible remains of suturing
materialwere removedwithout complication at 14 days after implanta-
tion. No signs of infection or automutilation of the wound were noted.
4. Discussion
With our optimized approach we reached the highest long term
survival rate (81%) published so far for abdominal radio-telemetry im-
plantation in GPs (other survival rates: Hess et al., 2007: 68%; Provan
et al., 2005: 0%). Provan et al. described a 50% animal loss intraopera-
tively due to a ruptured aorta during cannulation.We did not encounter
this, butwe also noticed the higher vascular fragility of the aorta in com-
parison to the rat. Both of the GPs that needed to be euthanized showed
a severe lameness in both hind legs. A perforated abdominal aorta with
a worsening general condition plus seroma and a thrombus in the distal
abdominal aorta (similar to the report by (Hess et al., 2007) were found
to be the cause of the lameness.
We cannot determine one most important factor for the higher
success ratewe report here, but multiple reﬁnements likely contributed
to the higher survival rate. Since the surgical approach in the GP is
essentially the same as in rats, the crucial differences are likely the
need for special handling, care and medication.
GP are extremely sensitive to stress caused by their environment,
which will also affect the measured hemodynamic parameters. We
allowed the GPs an increased acclimatization time of 19 days. At arrival,
we saw clinical signs of distress such as “freezing” (Lee, Pellom,Oliver, &
Chirwa, 2014), running hectically for cover or ﬁghting vigorously for
release. With daily training and quiet handling, those behaviours
decreased signiﬁcantly.
We additionally worked quietly and with minimal personnel, and
prepared rooms and materials before the animals' arrival. Agitated
animals require additional doses of MMF for surgical tolerance anaes-
thesia which results in a high BP with a greater risk of bleeding. The
one GP euthanized intraoperatively was excited before the surgery
and had to be dosed repeatedly to reach a surgical tolerance level, end-
ing in a total MMF dose of 1.7 times the usual. This likely led to the
severe bleeding which consequently led to the animal's euthanasia.
We administered medications orally where possible to avoid the
pain and stress associated with skin injections. We noticed severe
defensive reactions to s.c. injections, such as high pitched squealing
and shrugging to escape. The GPs anticipated being injected when
held and stayed alarmed until returned to the cage, making a stress-
free injection almost impossible.
GPs lack an enzyme that catalyses the conversion of glucose to
vitamin C (Hess et al., 2007) and therefore beneﬁt from vitamin C
supplementation. Oral administration of vitamin C (20 mg/day
(Hamel, 2002)) was more reliable than supplementation in drinking
water, as freshly operated animals had a lower food (seeweight decrease
in Fig. 3) and water intake. With vitamin C, the GPs appeared to recover
faster, however, further studies are needed to support that conclusion.
A GP's general condition can decline rapidly within one day such
that examinations should be performed at least once daily for at least
Fig. 1. Blood pressure values (SAP, MAP, DAP) in male Hartley guinea pigs over 24 h after radio transmitter implantation divided in phases I–V; Phase I–II n = 9, Phase III–V n = 13,
each mark represents one guinea pig, lines show the group mean.
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surgical recovery, as a reduced food and water intake can result in a
decline of up to 10% BW in 24 h. Pre-surgical fasting is likewise hazard-
ous due to the GP's high metabolic rate (Sawyer, 2008). Hess et al.
reported a 3–13% BW loss in the ﬁrst week after surgery and a return
to “normal” after two weeks. Our method resulted in an average loss
of 53.6 g (−11.9%) BW until the second day after surgery (Fig. 3) andFig. 2. Heart rate (HR, orange) and core body temperature (BT, violet) in male Hartley guinea
each circle represents one guinea pig, lines show the group mean. Values are averaged over than increase thereafter. Our choice of metamizole regimen instead
of tramadol (1×/day over 2 days after surgery, Hess et al.) is a likely
explanation for the faster gain. A single tramadol dose has a half-life
of 2.9 h in rats, 1.1 h in mice and 1.45 h in dogs (Matthiesen,
Wöhrmann, Coogan, & Uragg, 1998). It is therefore unlikely that
post-surgical pain can be treated adequately for 24 h in GPs with the
tramadol dose used.pigs over 24 h after radio transmitter implantation, phase I–II n = 9, phase III–V n = 13,
e deﬁned phase intervals (Table 3).
Fig. 3. Individual (n=13, grey) andmean (blue) bodyweight (BW, [g]) ofmale Hartley guinea pigs in relation to the day of radio-telemetry implantation (day 0) from the animal delivery
day to the facility until 14 days after surgery. After day 0 the telemetry implant weight (8 g) was subtracted from BW.
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very little gastrointestinal or kidney side effects and a fast onset after
oral application (Tacke, Henke, & Erhardt, 2008). We additionally
observed clinical improvements in agility and food intake in the ﬁrst
15 min after metamizole administration.
In contrast to Hess et al. (2007), we choseMMF instead of isoﬂurane
anaesthesia. Isoﬂurane use in GPs causes severe bronchosecretion and
salivation leading to breathing difﬁculties. Atropine premedication
10 min before isoﬂurane anaesthesia decreases these symptoms
transiently (Heide, 2003) but the effect only lasts for approximately
20 min after which thickened mucous inhibits the breathing (Henke,
2010). Heide (2003) and Henke (2010) advise isoﬂurane only for
short term anaesthesia and for less painful procedures, since isoﬂurane
has only a weak analgesic effect (Erhardt, Henke, Haberstroh, & Kroker,
2004).
MMFdoesn't cause airway constrictions, the anaesthesia onset is fast
(animals are operable after 15 min after induction, (Henke, 2010),
extending the anaesthesia through additional dosing is unproblematic
(Henke, 1998) and transport in an anaesthetized state is easy. Analgesic
coverage is superior to isoﬂurane, with the strong analgesic fentanyl
which we ﬁnd well suited for this procedure. AFN also antagonizes the
fentanyl, therefore early non opioid analgesia (here metamizole) is
crucial for an effective postoperative analgesia. Taking all factors into
consideration, we consider MMF the anaesthesia of choice for radio
transmitter implantation in GPs.Fig. 4.Mean (violet) and individual (grey) values of core body temperature (BT) in n = 13 m
acquired telemetrically and measurements started directly after radio-telemetry transmitter imAmajor factor for a quick recovery is adequatewarming. Anaesthesia
signiﬁcantly decreases the thermoregulatory ability with consequent
need for external warming (Albrecht, Henke, Tacke, Markert, & Guth,
2014; Buchanan et al., 1998; Kagstrom, Laumola, Poijes, Johansson, &
Ericson, 2012). Starting from the loss of the righting reﬂex, GPs stop
being able to regulate or generate body heat, so minimizing anaesthesia
duration is important formaintaining BT. Retaining the existingwarmth
is essential, especially as the enlarged surface during open abdominal
surgery increases BT loss. Moving the large intestine outside the
abdomen during catheter implantation should be avoided to prevent
even more BT loss and to prevent the intestine from drying out.
Continuous warming of as much body surface area as possible is the
most beneﬁcial approach. Cold GPs will consume neither water nor
food and will start thermoregulatory shivering only after the RR has
returned. Unnoticed BT decreases will lead to a sedation like state
which ﬁnally results in death. We achieved a greater body surface
warming than with a standardly used heating mat (Heide, 2003) by
placing the GP in a self-designed, adjustable water heating tub with an
aluminium surface (Picture 2, Picture 3, 39 °C on the animal fur) during
surgery.
Despite our efforts to retain as much BT as possible (continuous
warming, warming tub, warmed sodium chloride solution s.c., short
anaesthesia times), the postoperative BTwas 36 °C (Fig. 2; physiological
values 38.7–39.1 °C; (Akita, Ishii, Kuwahara, & Tsubone, 2001). The BT
decreased further to 35.4 °C in phase II (time from AFN s.c. to regainingale Hartley guinea pigs over the course of 24 h following the implantation. Values were
plantation had ended.
Fig. 5. Telemetrically measured abdominal arterial blood pressure in 13 male Hartley guinea pigs for 24 h after abdominal radio transmitter implantation. Systolic arterial pressure (red),
mean arterial pressure (green) and mean diastolic arterial pressure (blue) are presented as individual courses (grey) and the mean course (highlighted). Upper left: comparison of
highlighted blood pressure means.
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Thus, even with measures to maintain BT, it can be only partly
prevented. In our study the BT stabilized by 8 h after surgery (equals
phase IV-V; Figs. 2 & 4). BT values below 37.5 °C at 8 h or after should
be considered too low. A renewed examination and external warming
should be performed until the animal has reached a BT of 38.5 °C.
The effect of the catheter and transmitter implantation on hemo-
dynamic values is unknown. Mean BP rose sharply after anaesthesia
antagonization, assumably due to the administration of AFN to
antagonize the anaesthesia. BP then decreased to 57 mm Hg (MAP,
phase III) at 8 h and remained stable from then on, ending with a
MAP of 59 mm Hg (Fig. 5).
HR also increased as a result of AFN administration (Fig. 6) and
reached its highest level after 8 h but then declined until the end of
the 24 h measurement. A possible explanation for the longer lastingFig. 6.Means of heart rate (HR) and core body temperature (BT) in 13maleHartley guinea pigs f
through shivering (see red section inHR curve)with parallel increase ofHR. After normothermi
by the parasympathic nervous system.increase in HR is the almost linear correlation between BT and
HR (Fig. 6, (Wilber & Zeman, 1968). HR increased simultaneously
with the increase of BT through shivering (see brown section in
HR curve in Fig. 6). At 38.5 °C (Akita et al., 2001 reported physiolog-
ical BT of 38.7–39.1 °C) the shivering stopped, the HR stabilized
and then decreased to 251 bpm (phase V, Table 4). With normother-
mic conditions restored, the HR is regulated by an increasing
parasympathic tone, which is the main inﬂuence on HR in the
temperature range from 29 to 39 °C (Walsh, 1969). A HR of
251 bpm at 24 h post-surgery is within the physiological range of
the telemetrically measured HR in awake GP as reported by Akita
et al. (2001, 239 to 257 bpm).
Evaluating the course of HR after implantation is a valuable
screening tool, as it gives insight in both the BT and the successful
recovery process (see Fig. 6).or 24 h after radio-telemetry surgery. The regained righting reﬂex allows the BT to increase
c valueswere restored (from 8h onward) theHR is down-regulated to physiological values
Table 5
Recommendations for the handling of guinea pigs (GP) during acclimatization, before, during and after the radio transmitter surgery. MMF = midazolam, medetomidine,
fentanyl; BT = core body temperature.
Do's (and their rationale) Don'ts (and their consequences)
Acclimatization period
• Catch the GP on the ﬁrst attempt; hold it securely with the feet in contact
with a surface (reduces stress to a minimum)
• Chase the GPs around their cage, letting them escape several times
• 10 min/day human contact is enough to acclimatize the GP to being handled • Overexert the GP with long or repeated handling (they will lose body weight)
Pre-operative period
• Minimize the time from MMF injection to the ﬁrst incision (the shorter the
total anaesthesia time, the more BT can be maintained)
• Work too slowly (requires more anaesthetic)
• Inject the incision site with a local anaesthetic (it will stop the stimulation
of peripheral nerves during s.c. tunnelling)
• Omit the local anaesthesia (GP will twitch repeatedly during s.c. manipulation)
Surgery/radio-telemetry transmitter implantation
• Choose the suitable anaesthesia for the intended procedure (reliably applicable
with good intraoperative analgesia and fast postoperative recovery)
• Use an unfamiliar anaesthesia (uncontrollable side effects), inadequate analgesia
(decreased postsurgical food and water intake, pain!) long postoperative recovery
(requires intensive monitoring and additional support)
• Be careful with the tissue surrounding the a. abdominalis, the m. psoas major
and the n. genitofemoralis during the dissection of the aorta
• Dab and dry the m.psoas major and embedded nerves repeatedly (can cause
muscle and nerve irritation and hind leg paralysis)
• Thoroughly dissect the aorta from the connective tissue (clamps will thereby
hold tighter, and it is easier to see if the catheter tip is really placed correctly
in the aorta)
• Dissect quickly or omit this step (high risk of rupturing either the thin walled
v. cava or the aorta, tissue glue might not be leak-proof)
• Clamp only the a. abdominalis and do so as brieﬂy as possible (minimize distal
tissue oxygen shortage)
• Clamp the v. cava caudalis unnecessarily, or leave the clamps for longer than
10 min (increases the chance of thrombosis)
• Use tissue glue only on dry surfaces and apply only sparingly ➔ read product
instructions!
• Use tissue glue on moist surfaces or apply multiple drops “to be safe” (tissue glue
doesn't stick satisfactorily to wet surfaces, too much glue can cause disturbed
wound healing)
• Hold the telemetry transmitter securely in your hand when approaching with
the magnet for signal testing
• Leave the transmitter lying loosely (the transmitter will be pulled towards the
magnet and could rip the catheter tip out)
• Suture the abdominal skin wound completely intracutaneously and hide both
knots (undisturbed wound healing)
• Suture with thread showing, (GPs start nibbling on the external thread
parts➔ infection, restitching, prolonged wound healing)
• Clean the wounds well (aids post-operative wound evaluation) • Leave the wounds bloody or iodine coloured
Post-operative period
• Stay with the GP until it has regained its righting reﬂex (enables quick
intervention in case of emergency)
• Focus on other work or cleaning (no possibility of noticing or aiding the
animal if necessary)
• Evaluate the following: body weight, feeding, pain symptoms, general posture,
use of all feet, defecation and urine passing
• Only look ﬂeetingly inside the cage (unnoticed pain, lameness, missing food or
water uptake, intestinal obstruction)
• Provide continuous pain medication (many GPs will start feeding again
directly after metamizole dosing)
• Leave large gaps in the pain medication or stop it to soon (adverse animal
welfare, prolonged regeneration time, less food and water intake)
17S. Schmitz et al. / Journal of Pharmacological and Toxicological Methods 80 (2016) 9–18Value comparisons in Table 4 show similar BP values. Therefore the
BP inGPs can be considered stable from24 huntil at least 10weeks after
implantation. The BT at 10weeks (38.8 °C) is slightly higher than 38.5 °C
at 24 h but ranges within normothermic values. The difference is more
likely due to the still minimally decreased BT at 24 h (ongoing recovery
after surgery), than to deviating values at 10 weeks.
The HR is signiﬁcantly lower than reported by Akita et al., probably
because the GPs were measured repeatedly in the single cages for
multiple hours during the 10 weeks. This long-term habituation
likely leads to a lower baseline HR at 10 weeks (Masini, Day, &
Campeau, 2008).
We applied reﬁnements for improved wound healing, including the
use of non-coloured suturing material, 3 days of oral enroﬂoxacin
and using no wound gel (ProntoVet®, B.Braun Vet Care, Tuttlingen,
Germany). In test animals we used violet-coloured suturing material,
only 1 dose of enroﬂoxacin on the day of surgery and we applied
wound gel after surgery. Many of those animals had to be re-sutured
and somewounds showed redness or swelling and a prolonged healing
time. The GPs licked their wounds when wound gel was applied.
Like (Cunliffe-Beamer, 1993) we conﬁrm the absolute need for
aseptic surgical technique. Although this should be practised during
any surgical procedure, GP compared to rats have an even lesser
tolerance for unsterile technique, likely resulting in suture infections
or late developing abscesses.
Handling the GP intestine as little as possible and very gently, is
rewarded with a faster post-surgical food intake and an overall faster
clinical recovery. More recommendations are summarized in Table 5.
In summary,we demonstrate the possibility of successful abdominal
radio-transmitter implantation into GPs for long term data acquisitionin the conscious and unrestrained state. Implanted GPs should be back
within their hemodynamic physiological range at 8 h for BP and BT
and at 24 h for HR.
The combination of multiple reﬁnement factors likely resulted
in the high survival rate. Those factors include a minimal stress expo-
sure through habituation and planning, continuous warming during
anaesthesia, choice of an optimal anaesthetic and analgesic manage-
ment, optimized surgical techniques and vitamin C supplementation.
The described reﬁnements constitute a valuable contribution to the
three Rs' principals of humane experimental technique (replace, reduce,
reﬁne) by (Russell & Burch, 1959).
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